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The other side of the coin is that the conventional vacuum preloading technology is 61 not free of problems. 1) the blockage of the drainage channel could lead to the 62 reduction of the drainage capacity over elapsed time, in fact, deep soil is more 63 difficult to be further reinforced by longer drainage channels due to clogging; 2) the 64 open style connection of the PVDs in the sand cushion might lead to the excessive 65 dissipation of vacuum pressure, the lower vacuum pressure is not good for the 66 consolidation of soil (Chai and Miura 1999; Bo 2004; Chai et al. 2004) . To overcome 67 these issues, an air booster vacuum preloading technology has been proposed (Shen et 68 al. 2011; . The idea behind this air booster vacuum preloading technology 69 is to apply additional pressure difference between the booster tube and the PVDs, as Further, an extra effect of the technology can greatly shorten preloading time and D r a f t improve the degree of consolidation of soil.
80
Verifications of the air booster vacuum preloading technology have been carried out 81 via in-situ field tests and it has been shown that a more rapid improvement in the soils 82 parameters could be achieved with this technology Ding et al. 2015;  83 Wang et al. 2016) . It is worth noting that the booster tubes which are made of flexible 84 brackets and filter clothes can only be inserted into a depth of 5 m with manpower and 1(a). By applying a vacuum pressure, as shown in Fig. 1(b) , the soil element will be 108 subjected to an additional isotropic incremental stress proceeds, the consolidation of the soil element under the vacuum pressure fulfills 112 gradually. Next, the booster system is activated and a booster pressure is imposed on 113 the soil element. As shown in Fig. 1(c the consolidation of the soil element. During boosting process, the soil will be 116 disturbed by booster airflow. The disturbance will destroy the micro-structure of the 117 soil but only the disturbance will not reduce the void ratio of a soil. It is after the 118 disturbance, the soil particles will try to reach a new steady state and the void ratio 119 will be reduced due to "disturbances induce consolidation (Azari. et al. 2016; Yu. et al. 120 2009; Haeri. et al. 2016) In addition, more cracks will also generate due to the 121 disturbance of airflow. The cracks shorten the seepage path of water in soil void,
122
which promotes the dissipation of the water and thereby accelerates the consolidation 123 of the soil.
124
In the later period of the consolidation, the scouring influence of airflow of booster 
162
The distance between the adjacent PVDs is determined by their effective radius of 163 influence. According to the theories of the consolidation of a unit cell (Biot's. 1941; 164 Onouse. 1988; Yoshikuni and Nakanodo. 1974; Rixner et al. 1986; Table 1 . In addition, due to the poor engineering properties of marine soil at the site
207
(high water content and high compressibility), the bearing capacity has to be 208 improved. 
Soil improvement procedure

210
To provide a baseline for comparison, the conventional vacuum preloading 211 technology was also tested at the testing site; as such the testing site was divided into 212 two zones, as shown in Figure 6 . In Zone A, the conventional vacuum preloading D r a f t technology was tested. In zone B, the improved air booster vacuum preloading 214 technology was tested. The size of each zone is 40 m by 10 m, and the two zones are 215 separated by an isolation ditch of 1.5 m deep. Because of a sluice gate will be built at 216 the testing site after the completion of the soil improvement, and the sluice gate will 217 subject to horizontal and vertical loads. Therefore, the requirement of depth of soil 218 reinforcement is higher. According to relative engineering experience (Han et al. 2012; 219 Li et al. 2011; Li et al. 2014) , the depth of improved area by PVDs is determined 220 using the influence depth of superstructure loading.
221
The implementation of the improved air booster vacuum preloading technology was 222 elaborated as follows. Off-the-shelf PVDs were employed in this study, which were 223 100 mm in width and 4 mm in thickness, resulting in an equivalent drain radius of 26 224 mm. In reference to Eq (1) and (3), the spacing between the adjacent PVDs was 225 estimated to fall in a range of 742-1090 mm. In order to ensure that the soil can be 226 better reinforced, the spacing between the adjacent PVDs was determined as 800 mm.
227
Hitherto, an improved air booster vacuum preloading system was then installed as it 228 was prescribed in Section 2. As the marine soil was too soft to support the system 229 installation activities, a layer of geotextile was first laid on the ground surface. Upon 230 the completion of the air booster vacuum preloading system, the vacuum system was 231 activated. A vacuum pressure of 85 kPa was applied and maintained using jet pumps 232 with a power of 7.5 kW. In the first stage, the booster PVDs were connected to the jet PVD is still used to drainage at other times. The preloading was terminated as the 241 following two requirements were both satisfied: 1) the average settlement was less 242 than 2 mm/day for a consecutive 5 days; and 2) the dissipation of pore pressure was 243 less than 0.02 kPa/day for a consecutive 5 days. In this study, the preloading was 244 terminated after 92 day.
245
The ground improvement procedure in zone A was similar to that in Zone B, except 246 that the air booster system was adopted. In the conventional vacuum preloading implemented, the decrease in the vacuum pressure along the depth was also observed,
281
as shown in Fig. 8(b) . Because of the airtight connections adopted in the improved air was 58%, 66%, 67% and 44% larger than those in Zone A. 
Degree of consolidation
340
The average degree of consolidation (DOC) can be calculated from the monitored 341 pore water pressure. The distribution profiles of the monitored pore water pressure are 342 illustrated in Fig. 10 , with which the average DOC, U avg , can be calculated as follows: is the applied suction (80 kPa). The integrals in the numerator and denominator of Eq.
349
(4) can be calculated using the area between the curve u t (z) and the line u s (z).
350
According to the formulation in Eq. (4), the U avg can be calculated and the results are 351 shown in Fig. 10 , the calculated U avg in Zone B was 80% and that in Zone A was 52%.
352
DOC at different time is shown in shown in Fig. 12(a) . In zone B, the evolution of the layered settlement was similar to 385 that in Zone A before the activation of the booster system, as shown in Fig. 12(b) .
386
However, the accumulated settlement in zone B was larger than that in zone A, which 387 can be attributed to the airtight connections adopted in the improved air booster Table   Table1 . Physical and mechanical properties in each soil region 
